Background: Urban forests are under increased pressure from invasion by exotic (alien) species. The vegetation present in the matrix of urban sites is a rich source of alien invasive propagules, which increases the risk of alien invasion in forests within an urban space, leading to a decline in indigenous species. Therefore, determining the distribution patterns of native and exotic species as influenced by environmental factors can assist in quantifying the impact of exotic species at broad scales based on responses on a finer scale. Quantifying the effects of multiple environmental factors on the distribution patterns of both indigenous and alien species in the ecosystem may help in prescribing suitable management efforts.
Background
Urbanisation generally has negative impacts on ecosystems, mainly because of habitat loss (Boon et al. 2016; Lehosmaa et al. 2017; Nor et al. 2017; Galic et al. 2018 ). Urban expansion is primarily driven by population growth (Ersoy 2016 ) and the consequent increase in demand for services (EPCPD 2016; Lehosmaa et al. 2017) . The reduction of vegetation in urban areas and soil manipulation due to anthropogenic development/expansion lead to the overall reduction of urban green space (Threlfall et al. 2016) . Green spaces in urban areas support many plant species, both native and non-native. Some of the native species can be endemic or endangered and should be protected due to the vulnerability to extinction in their communities (Lepczyk et al. 2017) . The overall diversity of native species is determined by the size, quantity and quality of urban green spaces. Green space networks in cities are recognised around the globe to be fundamental for urban ecosystem functioning (Boon et al. 2016 ) and for the health and wellbeing of residents through food provision and pollution removal (Threlfall et al. 2016; Nor et al. 2017) . From a spatial-ecology perspective, the reduction of green spaces does not only lead to reduced sizes of forest patches. The reduction in green space causes an increase in the ratio of the area of edge habitats to total patch size (Vidra 2004; Bergsten et al. 2013) . Forest centres having closed canopies act as physical barriers to dispersal pathways, and the prevailing light and moisture conditions act as environmental barriers to the establishment of alien plants. Forest edges have lower canopy cover and are closer to transportation corridors and thus they may have weaker physical and environmental barriers to invasion (Hansen and Clevenger 2005) . Forest edges create a favourable micro-climate for establishment of invasive alien plants (IAPs) (Vidra 2004; Bierwagen 2005; Bergsten et al. 2013 ). This implies that forest patches that are highly fragmented can have altered successional processes, whereby early successional exotic species alter and increase the risk of decline in native species (Singer et al. 2016 ). The Durban Metropolitan Open Space System (D'MOSS) occurs along a variety of habitat types and includes areas of high biodiversity value linked to form an ecologically viable network. The network of areas (ca. 75,000 ha; one third of the municipality) has a high biodiversity value and has been under municipal management for over three decades (Boon et al. 2016; EPCPD 2016) .
Physical features of urban areas such as buildings, large impermeable concrete surfaces, pollution, high human population and traffic density are known for promoting the establishment of alien plant species. These physical features may alter resource availability, such as increased light where trees are cut and high soil moisture occurring along drainage channels or paths (Grunewald et al. 2018 ). More often, plant communities with high resource availability allow for homogenous growth of early successional alien plants or a high diversity of invasive alien plant species (IAPs) (Muster et al. 2014) . In this study, the acronym 'IAPs' refers to naturalised plants that regenerate in large numbers in distant locations from the location where parent plants were introduced (Richardson et al. 2000) . These communities normally have high densities of IAP propagules (Heinrichs and Pauchard 2015) . Plant communities with a high density of propagules normally exert propagule pressure to nearby forest reserves (Heinrichs and Pauchard 2015; Padayachee et al. 2017 ). Landscape connectivity is used to describe the structural and functional continuity of ecosystems (Ziółkowska et al. 2014; Nor et al. 2017 ) from landscape to regional scale (LaPoint et al. 2015) . Structural connectivity is measured by landscape metrics such as patch size, isolation and the identification of linear features that may act as conduits or barriers to IAP movement (LaPoint et al. 2015) . This means that connectivity is a vital element to maintain gene flow and to facilitate species movement, distribution, dispersal and recolonisation (LaPoint et al. 2015; Naicker et al. 2016; Nor et al. 2017) . Consequently, it may also influence the success of establishment and spread of IAPs (Vidra 2004; Bierwagen 2005; Procheş et al. 2005) .
In forest communities, the invasion levels by exotic species depend on the integrity of the canopy cover whereby forests with many and relatively large canopy gaps are readily invaded. This is because invasive species establish and grow rapidly in large canopy gaps and along forest margins (Geldenhuys 2004) . Some forest sites experiencing branch or tree falls that are small in nature have shown to be sufficient to allow low light demanding tree invasive species to grow to the canopy (van Wyk et al. 1996) . Canopy gaps facilitate the coexistence of large numbers of species because they remove barriers of dispersal and recruitment while advancing the growth of early-successional species which are suppressed under the forest canopy (Lawes et al. 2004 ). Forest edges that are dense and forest canopies that are closed often create physical barriers for light demanding IAPs and limit their dispersal pathways (Hansen and Clevenger 2005) . Late-successional species are lost through disturbance regimes that cause canopy gaps, leading to the establishment of light-demanding pioneer species which are adapted to colonising new disturbed sites (Lawes et al. 2004) . Furthermore, IAPs are likely to become dominant near forest paths because of the physical disturbance of the soil and vegetation which increases light conditions and this favours the growth of IAPs (Hansen and Clevenger 2005) .
The functional types of IAPs namely trees, shrubs and climbers are considered to have a negative impact on forest integrity, as illustrated by several species established in coastal KwaZulu-Natal (Geldenhuys 2013) . The tree IAP Litsea glutinosa (Lour.) C.B.Rob. establishes vigorously in humid areas of sub-tropical forests. This light-demanding plant takes advantage of small canopy gaps in the forest, and its vegetative reproduction by root-suckering makes it an aggressive invader that poses a threat to biodiversity loss under canopy (Jacq et al. 2005) . Similarly, Melia azedarach L. invades urban open space, wasteland and riparian zones (Henderson 2001) . When the species undergoes physiological damage, it can reproduce by vegetative means through stump and root sprouts for its persistence in the environment (Tourn et al. 1999) . The shrub Chromolaena odorata (L.) R.M. King is restricted to frost-free areas and displays great plasticity in terms of growth form and in terms of the vegetation types it invades (Zachariades et al. 2002) . The shrub Lantana camara L. grows aggressively and causes ecological destruction through loss of species diversity and more so due to its ability to dominate the understorey (Totland et al. 2005) . Another evergreen perennial branched shrub (Olckers 1999) , which is aggressive, extremely resilient, invades riparian, forest, grass and agricultural land is Solanum mauritianum Scop. (Witkowski and Garner 2008; Peerbhay et al. 2016) . The climber Cardiospermum grandiflorum Sw. grows vigorously in damp conditions preferably along forest margins and watercourses of the subtropics (Simelane et al. 2011) , climbing to heights of 6 m up to 10 m (Henderson 2001; Krings and Braham 2005) . Once the invader is well established, it forms a smothering curtain which outcompete indigenous species for sunlight (Simelane et al. 2011) . Another climber, Ipomoea purpurea (L.) Roth, grows vigorously twining above the vegetation around them for light (Defelice 2001). Furthermore, the vine is adapted to low light intensities found in the forest understorey (Defelice 2001). The plastic physiological and morphological traits of some IAPs allow for the efficient use of available resources for fast growth such as soil moisture, nutrients and light; hence, they can outperform less plastic native species (Leishman et al. 2007; Funk 2008; Kraft et al. 2015) . Some native pioneer species exhibit traits like those of exotic species such as light and water efficiency. These traits make them to adapt, grow and persist in altered forest conditions that result in either increased or decreased resources essential for growth due to natural and anthropogenic environmental disturbances (Everard et al. 1995; Schulten et al. 2014) .
The assembly of natural plant communities is determined by several biotic and abiotic factors and their interaction effects along environmental gradients (Olthoff et al. 2015) , which occur at multiple spatial scales (Dray et al. 2012) . In this context, having IAPs in mind, it is important to identify plant communities that are vulnerable to invasion due to prevailing environmental factors (Hero et al. 2014) . This study aims to describe existing distribution patterns of the dominant IAPs across two different spatial scales namely patch (forest reserve) and plot (on site within a forest reserve). The specific objectives of the study are (i) to identify controlling environmental factors at fine and broad scale, defining the IAPs distribution, and (ii) to determine community associations between native species and IAPs as an indicator of native plant species resilience.
Methods

Physical location
The eThekwini Municipal Area in which the Durban City falls under (Bengtsson et al. 2003 ) is situated in the KwaZulu-Natal (KZN) province of South Africa (29°52′ S, 31°01′ E). It is situated in the Maputaland-Pondoland-Albany regional centre, which is one of the 35 global biodiversity hotspots (Boon et al. 2016; EPCPD 2016) . The climate is subtropical with wet and warm summers, and mild dry winters. Temperature in eThekwini Municipality varies along the steep elevational gradient, from warm to cool as one moves from the coast to inland which has a maximum elevation of 904 m (EPCPD 2016). The mean annual temperature range is 16-20°C, while the mean annual rainfall range is 550-1200 mm per annum (INR 2004) . A total of 15 forest patches (mostly nature reserves, as well as one golf estate and one conservancy) which are included in the D'MOSS and are managed by different authorities, were selected for sampling (Table 1) .
Species sampling
After an initial exploratory stage, the most abundant and widespread IAP species in each of the growth forms considered were included as target species. These were two tree IAPs namely Litsea glutinosa and Melia azedarach, three shrubs namely Chromolaena odorata, Lantana camara and Solanum mauritianum and two climbers namely Cardiospermum grandiflorum and Ipomoea purpurea. Seventy-four plots measuring 100 m 2 (10 m × 10 m) were surveyed, and a plot was established at every site where the target species were encountered in the forest patch. In the plots, the community structure (strata/vertical layers) was determined and the percentage canopy cover in each stratum was estimated. All native and invasive species in the shrub and tree layers were recorded for each stratum. The strata were categorised according to height as follows: lower trees (> 6 m), tall shrubs (> 2-6 m), low shrubs (0.5-2 m) and all climbers (regarded as a separate stratum because they grow across all layers). The total cover from all species within a plot was assessed according to Tansley's DAFOR scale (Emson et al. 2018 ): D = Dominant (5); A = Abundant (4), F = Frequent (3), O = Occasional (2) and R = Rare (1). The overall species cover values were obtained by determining the average cover from all plots and used as a dependent variable with the environmental variables treated as independent. Species were identified using the most recent regional tree guide (Boon 2010) . The Plants of Southern Africa website from the South African National Biodiversity Institute was accessed to confirm plants scientific names and floristic details (SANBI 2016) . Furthermore, the Angiosperm Phylogeny website was accessed to confirm the most recent family assignment of the species (Stevens 2017) .
Environmental factors of plot scale and patch scale
The plot-level environmental factors of geographic scale recorded included forest type (coastal or scarp), elevation (m), latitude and longitude (measured with a GPS). Environmental variables were recorded as a percentage cover in each plot. These were exposed rock, gravel or surface stones, erosion and canopy gaps (inverse of canopy cover). At the patch level, the spatial variables for each nature reserve were obtained from digital cartography available in Google Earth Pro 7.2. The software Arc GIS 10.3.1 was used to convert layers to KML files and to create buffers of 500 m for each forest patch shape file. These buffers were embedded on Google Earth images of 2017 to create land-use polygons found within the buffer area. ArcGIS software was used to calculate the total area (hectares) of land represented by the polygons for each land use and to compute the number of forest patches found in the matrix (NP). Class area represents how much of the landscape is comprised by a patch type, which determines the size of a patch within a landscape. In forest fragmentation, it is important to know the total size of a target forest patch that exists within the landscape. The landscape similarity index or buffer index is the percentage of the landscape represented by one land-use type (McGarigal and Barbara 1995; Rutledge 2003) . For this study, there are four landscape similarity indices, namely forest, grassland, residential and industrial areas.
Connectivity calculations of forest patches
For each forest patch sampled, a proximity buffer of 500 m was delineated for the identification of forest patches to be included in the calculation. The formula of patch connectivity incorporates the isolation of individual forest patches in relation to other forest patches found within the buffer. The patch connectivity index (PCI) was calculated as an area-based index weighted by distance and calculated as:
where A j denotes the area (m 2 ) of a focal patch and Dist j is the squared distance (m 2 ) from the focal patch edge to another edge of a nearby patch in the landscape (Munguía-Rosas and Montiel 2014). In this calculation, the closest three patches to each focal patch were sampled to obtain their distances, which were then squared and calculated to obtain the focal forest patch index. Calculations relevant here are the mean connectivity index for each class (forest patch) and for all patches in the landscape. The patch connectivity index is used to calculate the degree of isolation. The landscape index is calculated as the average of all patch connectivity indices found within the landscape (Table 1) . When a forest patch has a very low landscape index in comparison to that of the surrounding landscape, it means that the forest patch is highly isolated and when the landscape index of the patch is higher than that of the landscape it means it is less fragmented (McGarigal and Barbara 1995) .
Numerical data analyses Floristic similarity
The results of hierarchical clustering can be visualised using a dendrogram that indicates which plots are similar on the basis of their species composition. Species that occurred in ten or more plots were selected and used to classify plots into clusters. The dominant plant species occurring in each group were then used to name the plant communities that were in those clusters. The Paleontological Statistics Software Package (PAST v3.18) was used to analyse the dataset of plots with their species composition into clusters (Legendre and Legendre 1998; Hammer et al. 2001) . The clustering of plant communities was performed using Ward's algorithm as a linkage method and with Euclidean distance as a distance measure. Ward's method uses an information criterion to join clusters in such a way that within-group variance is minimised (Hammer et al. 2001) . The 15% dissimilarity value was used as a cut-off in defining clusters as it best separated clusters of manageable and comparable size in terms of number of species.
Ordination and variation partitioning of vegetation plot data
Ordination is the arrangement of data units along one or more axes that express the range of variation existing within the dataset. The final result of an ordination is a graph that shows the variation of data units along two or more axes in a scatter-diagram. Constrained ordination characterises main trends of variation of data sets with respect to environmental factors and limits the illustration of unexplained variation (Legendre and Legendre 1998) . The CANOCO 5.1 program package was used to run the ordination analysis (Ter Braak and Šmilauer 2012). Constrained ordinations were carried out on 32 species that occurred in ten or more plots of the whole data set, using the ordination method of canonical correspondence analysis (CCA) (Schulten et al. 2014) . The CCA allows for the measurement of the amount of variation in the species distribution data that can be explained by a set of environmental variables (Borcard et al. 1992) . Environmental variables used for the data analysis are shown in Table 2 , and they are differentiated according to their spatial scale of occurrence, either at fine (plot) or broad (patch) scale. The plot scale analysis determines which niche factors influence the establishment of invasive species while the patch scale analysis determines which landscape attributes facilitate or impede the establishment of those species. This shows the scale of influence in the establishment and distribution of species (Ersoy 2016; Krishnadas et al. 2016) .
Variation partitioning consists of a series of canonical ordinations that are constrained by a single set of explanatory variables with the complementary set used as co-variables. The variable sets that were used in this analysis are the environmental conditions at a plot scale and the variables explaining the spatial structure across the patch scale (Borcard et al. 1992; Legendre and Legendre 1998) . The variation in species distribution is explained by the spatial structuring (Borcard et al. 1992) . These are meant to test at which spatial level the species patterns of response are retained as influenced by the environmental factors operating at the two spatial scales (Dray et al. 2012 ). The spatial structuring of environmental factors addresses the problem of the relative contribution of different overlaid effects in space (Borcard et al. 1992) . Table 2 Environmental factors (and their abbreviations) used in the current study along with a description of their geographic scale. The fine scale refers to plot area (100 m 2 ), and the broad scale refers to patch size (ranges from 9.5 to 787 ha) 
Results
Species composition and diversity
A total of 357 species from 75 families were identified in the forest plots (Fig. 1 ). Of these, there were 37 species that were considered abundant based on the number of plots in which they occurred and these species were illustrated in further analysis and discussion. The important species are listed in descending order of their overall average cover in Table 3 .
Floristic clustering
A dendrogram with the similarity of plots from the different sites is shown in Fig. 2 . It was obtained by fixing and computing a Euclidean distance at 15%, which results in the formation of 13 vegetation clusters. Communities are named after the most dominant species occurring in those clusters (Table 4) . A few of these communities are dominated by invasive alien plant species (IAPs), which makes them communities of interest.
These are E (Chromolaena odorata), H (Cardiospermum grandiflorum) and K (Litsea glutinosa) (Table 4) .
Constrained ordination and variation partitioning
The results of constrained ordination CCA of community E are shown in Fig. 3 . The environmental variables with the strongest influence in the establishment of patterns in this community were patch size (PS) and patch connectivity index (PCI). The H and K communities were influenced by the positively correlated land-similarity indices of residential area and industrial area, canopy cover and elevation. Native species communities with an exclusive association with community E were A (Albizia adianthifolia), B (Protorhus longifolia) and C (Dalbergia obovate) (Fig. 3) . The M (Strelitzia nicolai) communities occurred close to the H communities. The results of constrained ordination CCA for all environmental variables are shown in Fig. 4 . This analysis indicated tree IAPs, patch size and patch connectivity index were all key drivers of species distribution patterns. The tree IAPs Melia azedarach and Litsea glutinosa and the climber IAP Cardiospermum grandiflorum were correlated to canopy cover, while the other IAPs were correlated to canopy gaps (Fig. 4) . The canonical axes test of significance is P < 0.01.
The variation partitioning was significant (P < 0.01) for the two spatial levels tested for the plot (group I) and patch (group II) which has an intersection (III). More variables were explained at plot level (42.7%) followed by patch level (33.8%) and least by intersection (23.4%).
The results of variation partitioning at plot level that are significant at P < 0.01 are shown in Fig. 5 . The environmental factor of shrub IAPs was positively correlated to canopy gaps while the environmental factors elevation, climber IAPs and tree IAPs were positively correlated to canopy cover.
The results of variation partitioning at the patch scale are shown in Fig. 6 . This figure illustrates that the The environmental variables land similarity indices of residential and industrial area show a positive influence on the establishment of the IAPs Solanum mauritianum, Cardiospermum grandiflorum and Litsea glutinosa. Both sets of environmental factors have weaker correlation with the remaining five IAPs as shown in Fig. 6 . The Buffelsdraai Conservancy and Stainbank Nature Reserve have a high occurrence of community E plots as shown in Fig. 7 . These are situated in lowland coastal forest, with large canopy gaps. Some of the properties of Buffelsdraai Conservancy are large patch size and high patch connectivity in relation to the landscape index. Stainbank Nature Reserve has an average patch size and average connectivity in relation to the landscape index (Table 1) . The K community occurs in both scarp and lowland coastal forests, whereby the IAP is correlated to elevation and canopy cover. The H community also occur in both scarp and lowland coastal forests and the vine grows in association with both tree and shrub IAPs communities. The influence of the factors of patch size, patch connectivity index, similarity indices of forest and grass lands are prominent in lowland coastal forests.
Discussion
The environmental variables of the three different functional types (tree IAPs, shrub IAPs and climber IAPs) are not correlated, which means that they have different environmental niches, as illustrated in Figs. 3 and 4 . The tree IAPs are distributed around the environmental variable of canopy cover while the climber and shrub IAPs Fig. 2 Dendrogram showing the results of cluster analysis based on Ward-Euclidean for the species occurring in the plots. Community clusters delimited at 15% dissimilarity are labelled with letters from A to M, and the red line cuts clusters dominated by similar species. Codes on x-axis refer to all plot numbers of patches where the purple are from scarp forest and black from lowland forests are distributed around the environmental variable of canopy gaps. The highly invaded communities E, H and K are important because each represents one of the troublesome functional types occurring in forests which are tree, shrub and climber IAPs.
Plot-scale environmental effects
The environmental factors of high elevation and medium canopy cover are positively correlated and are strong determinants for tree IAPs (Fig. 5) . These factors have a negative influence on diversity of IAPs and native species. Small and scattered canopy gaps found in higher elevation scarp forests explain the limited establishment of pioneer native species there (Everard et al. 1995) . The IAPs that are most likely to become problem plants in higher elevation scarp forests are shade-tolerant and bird-dispersed species (Geldenhuys 2004 (Geldenhuys , 2013 . These IAPs grow in closed forest ecosystems and are ranked top in the hierarchy of species competitiveness, making them important species for control (Everard et al. 1995) . In canopy gaps, species diversity is high for both alien and native species. This indicates that forest habitat openness increases the establishment of alien species Table 2 for details) Fig. 4 Constrained ordination CCA of species distribution across the environmental factors studied (see Table 2 for details). Species codes are detailed in Table 3 . Blue arrows and corresponding labels represent the environmental factors, while red labels are IAPs and black labels are native species Fig. 5 The plot scale (fine-scale) spatial variables from the Durban Metropolitan Open Space System. Species codes are detailed in Table 3 . Blue arrows and corresponding labels represent the environmental factors, while red labels are IAPs and black labels are native species Mavimbela et al. New Zealand Journal of Forestry Science (2018) 48:19 (Charbonneau and Fahrig 2004) , which are generally shade intolerant (Geldenhuys 2013) . In this study, shrub and climber IAPs were found in canopy gaps (Fig. 5) , meaning that the success of invasion by these IAPs is attributed to canopy gaps, species attributes and ecosystem properties (Deckers et al. 2005) . Coastal and scarp forests in Durban and nearby areas are occasionally exposed to strong winds that can blow down adult trees growing on generally shallow soils (Everard et al. 1995; Botzat et al. 2015; Vecchio et al. 2015) . The lowland coastal forests are characterised by communities of early successional species and are thus dominated by shade-intolerant species (Everard et al. 1995) . The physical disruption of the land surface facilitates invasion due to reduced cover and vigour of native species (Davis et al. 2000) , and the exposure to light and greater temperature fluctuations which increases nitrogen mineralisation (D'Antonio and Meyerson 2002) . Forest gaps that are created in this manner assist invaders to successfully fill unoccupied niches because of the reduction of native species due to degradation (Mack and D'Antonio 1998; Goodall 2000; Wilson et al. 2007; Gaertner et al. 2009 ). The light in canopy gaps limits late successional species (mostly natives), and the resultant increase in mineral resource levels will favour fast-growing early successional species and this may include invader species (D'Antonio and Meyerson 2002) . Canopy gaps are more prevalent in the forest patches found in lowland coastal forests. This finding implies that strong wind exposure is more severe in the lowland coastal forest than the scarp forest (Everard et al. 1995) .
Patch-scale environmental effects
The size and types of matrices surrounding forest patches have an influence on the establishment of invasive species (Hansen and Clevenger 2005; Bartuszevige et al. 2006; Botzat 2012; Nitoslawski and Duinker 2016) . The niches that have high numbers of IAPs correspond with the areas that have high values for the correlated similarity indices of residence and industry (Fig. 6) . Spatial factors such as the close proximity of forest patches to propagule sources could be the reason why urban forests that have high residential and industrial matrix values are subjected to high levels of invasion by alien species (Vidra 2004) . Residential areas also influence invasion of forest patches due to high population, pollution (Grunewald et al. 2018) and by the growing of exotic plants for aesthetic values by property occupiers (Nitoslawski and Duinker 2016) . This explains why human-derived land uses increase propagule pressure from transformed land matrices into natural forest Table 3 . Blue arrows and corresponding labels represent the environmental factors, while red labels are IAPs and black labels are native species Fig. 7 Envelop mapping of the three important invasive species communities found in association with native species communities that occur in 15 forest patches found in the Durban Metropolitan Open Space System. Blue arrows and corresponding labels represent the environmental factors. Community codes are detailed in Table 4 habitats (González-Moreno et al. 2013 ). In the current study, those forest patches characterised by high patch size and patch connectivity index (and, simultaneously, medium land similarity indices of forest and grassland) have poor diversity of invasive species (Fig. 6 ). More isolated patches with a high level of land-use change affect ecosystem integrity, which provides an opportunity for IAPs to establish (Borgmann and Rodewald 2005) . Therefore, the proportion of pioneer invasive species on site are an indicator that some form of disturbance occurs in that forest community, but resilience to invasion is shown by a greater patch size (Hernández-Ruedas et al. 2014 ). There is a weak influence of patch size, patch connectivity index, and similarity indices of forest and grass lands on shrub IAPs distribution at the patch scale in variation partitioning (Fig. 6 ). This indicates that the interaction of canopy gap with these variables is crucial for species displacement. The level of connectivity and the spatial arrangement of forest corridors do affect the rate of invasion (Bartuszevige et al. 2006 ). In the current study, the poor invasion of forest patches characterised by these factors indicates that the more connected forest patches are, the more resilient they are to the risks of invasion due to a lower ratio of edge area to patch size which limits the establishment of IAPs. The more edge habitat a forest patch has, the more vulnerable it is to invasion by alien invasive plants (Hansen and Clevenger 2005) . Solar radiation changes along forest edges and often influences the state of soil moisture and temperature, which creates a micro-climate which promotes the germination of IAP seeds in the seedbank (Bonanomi et al. 2018 ).
The distribution of communities
The E (Chromolaena odorata) community is influenced by many environmental factors that are positively correlated with canopy gaps (Fig. 7) . Canopy gaps are found mostly in lowland coastal forest patches (Table 1) , and the three IAP functional types do occur in them (Fig. 7) . The high proximity to non-managed forest patches found outside boundaries of nature reserves act as corridors that could be occupied by plants with wind-dispersed invasive seeds. The configuration of a landscape and the proximity to propagule sources increases dispersal towards nature reserves which increases invasion risk (Borgmann and Rodewald 2005; Botzat 2012 ). Management of IAPs outside the boundaries of forest reserves might be poor; therefore, adjacent forest patches that are invaded may be propagule sources of wind-dispersed IAPs as suggested by Macdonald and Jarman (1985) . So, such forest patches occurring outside of nature reserves, even when they have low transformation and resembling natural habitats, are potential propagule sources of IAPs regeneration in nearby forest reserves (Botzat 2012) . The E community is more pronounced in patches of lowland coastal forest, and the K community is more pronounced in patches of high-elevation scarp forest. Additionally, the H community is found in patches of both types of coastal forests (Fig. 7) . A study on IAPs ranked the effects of species functional types and found that the shrub and climber IAPs have high ecological impact on species diversity and distribution extent when compared with the tree IAPs. Furthermore, the two functional types are difficult to control (Macdonald and Jarman, 1985) . The patterns of forest community assembly relate directly to the forest dynamics and to the species adapting to specific environmental factors or disturbance regimes (Geldenhuys 2013) . Factors that determine the levels of invasion are propagule pressure and suitable traits for establishment (Matthews et al. 2009 ). Furthermore, species establishment is determined by suitable traits for establishment traits and the site condition. A few lowland coastal forest patches had occurrence of all three IAP functional type clusters. Invasive species that co-exist are likely to vary in their impact and their niche preference (Kuebbing et al. 2014) . Multiple invasions lead to high risk of transformation to novel communities. The K community is associated with canopy cover in both forest types in an elevational range of 80-580 m asl. The species of the K vegetation community are shade-tolerant which makes them a great threat to the integrity of natural forest (Geldenhuys 2004) . This is because shade-tolerant IAPs exhibit advanced regeneration and establishment properties under closed canopies, by taking advantage of the small canopy gaps to grow and reach the canopy . These species usually form dense populations of saplings in the forest understory (Geldenhuys 2013) .
The ordination association of the IAP community E with A, I, D and F communities is an indication that these species are resilient to the prevailing forest dynamics of their niche. The ordination association of the IAP community K with J, L and M communities is an indicator that these native species can deal with the same environmental factors that are promoting the establishment of IAPs. Species that co-occur in these environmental conditions are those that have developed strategies for coping and survival (Gallien et al. 2014) . Therefore, these species can be used to pre-empt invasion in forest restoration projects. The climber IAPs occur in canopy gaps and grow to the level of the tree canopy. Climber IAPs grow well in damp environments with a preference for forest margins and canopy gaps, where they get adequate light levels for growth. Furthermore, the tendrils of the vines and lianas help them to twirl around other plants allowing them to climb over 10 m in height, where they then form large canopy cover to outcompete other plants for light (Simelane et al. 2011) . Competitive species replace non-competitive ones in niches that have resources manipulated by disturbance. Native tree species of the coastal forest of KwaZulu-Natal that have shown resilience in canopy gaps include Croton syivaticus (Everard et al. 1995) , Canthium inerme, Trema orientalis, Albizia adianthifolia, Bridelia micrantha and Ekebergia capensis (Grainger 2012) . Forest site restoration is most likely to be successful when these native species are planted to occupy any empty niches. This suggests that those native species that remain in invaded environments are likely to persist (Schulten et al. 2014 ).
Conclusion
The higher elevations in scarp coastal forests and small canopy gaps favour the occurrence of tree IAPs while limiting other alien invasions. In scarp forests, early control of tree IAPs under canopy can avoid the loss of biodiversity and economic costs before the species can establish and reach canopy level. Some native species, which are found in association with tree, shrub and climber IAPs are resilient when IAPs establish around them. This informs forest restoration projects that those species can be considered for planting. The risk of novel community development is high in lowland coastal forests and this can be attributed to the high frequency of canopy gaps that occur there. This finding makes coastal forests a high priority area for the control of IAPs relative to scarp forests. Forest patches with a high buffer matrix of residential and industrial surroundings have a high diversity of IAPs. The creation of outside boundary buffers to control the influx of IAPs is recommended for such situations. Large patch size of forests and high connectivity of forest patches have shown to result in low levels of invasion by IAPs. 
